metastasis was the central nervous system in 19.5% of the entire cohort and in 37.5% of patients treated with trastuzumab.
INTRODUCTION
The gene for the human epidermal growth factor receptor 2 (HER2) encodes for a transmembrane tyrosine kinase receptor protein (her2) that has both prognostic and predictive significance for invasive breast cancer. In approximately 15%-25% of breast cancers, the HER2 gene is amplified, which is associated with poor prognosis 1, 2 .
Trastuzumab is a humanized monoclonal antibody against the extracellular domain of her2. A landmark study by Slamon et al. demonstrated a significant reduction in mortality associated with trastuzumab use in the metastatic setting 2 . Subsequently, several major trials of adjuvant trastuzumab demonstrated significantly reduced disease recurrence and improved survival in more than 13,000 participants [3] [4] [5] [6] . In the province of British Columbia, trastuzumab for newly diagnosed her2-positive early breast cancer became publicly funded during 2005. Furthermore, women with that diagnosis who had completed adjuvant chemotherapy from July 2004 to introduction of the new policy and who had remained clinically disease-free were offered 1 year of trastuzumab treatment.
The objectives of the present study were to describe the proportion of women receiving adjuvant trastuzumab for her2-positive early-stage breast
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Women from British Columbia, newly diagnosed with stage i-iii breast cancer between July 2004 and December 2006, who were positive for her2 overexpression by immunohistochemistry (3+) or amplification by fluorescence in situ hybridization (ratio ≥ 2.0) were included in the study. Data were collected from the prospectively assembled BC Cancer Agency Outcomes Unit, with cases linked to the provincial pharmacy data repository to determine the proportion of women who received adjuvant trastuzumab.
Results
Our retrospective study identified 703 her2-positive patients, of whom 480 (68%) received trastuzumab. In patients receiving trastuzumab, the 2-year relapse-free survival was 96.1% [95% confidence interval (CI): 93.6% to 97.7%] and the overall survival was 99.3% (95% CI: 97.9% to 99.8%). Among node-negative and -positive patients, the 2-year relapse-free survival was 97.8% and 94.8% respectively ( p = 0.09) for the trastuzumab-treated group and 90.9% and 77.3% ( p = 0.01) for the group not receiving trastuzumab (n = 223). Site of first distant cancer during the period between July 1, 2004, and December 31, 2006, and to determine their outcomes.
METHODS
Data were abstracted from the prospectively assembled BC Cancer Agency (bcca) Breast Cancer Outcomes Unit database, which includes demographic, pathologic, treatment, and outcomes information on referred B.C. residents diagnosed with breast cancer since 1989. Women in the province who were referred to the bcca with newly diagnosed stage i-iii breast cancer and who were positive for her2 overexpression by immunohistochemistry (ihc 3+) or amplification by fluorescence in situ hybridization (fish ratio ≥ 2.0) were included in the study. Women with previous or synchronous contralateral breast cancers were excluded. Each case was linked to the provincial bcca pharmacy data repository to determine the proportion of women who received adjuvant trastuzumab. Trastuzumab dosing in British Columbia during the study period consisted of a loading dose of 8 mg per kilogram of body weight given intravenously, followed by a 6-mg/kg intravenous dose every 3 weeks thereafter for a total of 17 trastuzumab treatments (duration of 1 year).
In this study of her2-positive women, 2 cohorts were analyzed: those who had received adjuvant trastuzumab and those who had not. Baseline characteristics between the groups were compared using the chi-square test for categorical variables and the Mann-Whitney test for continuous variables. Kaplan-Meier curves were used to illustrate survival outcomes. All p values were two-sided and statistically significant if less than 0.05. Relapse-free survival (rfs) was defined as time from diagnosis to local, regional, or distant relapse, or death from breast cancer with distant r fs. Breast cancerspecific survival (bccs) was defined as time from diagnosis to death from breast cancer, and overall survival (os) was from diagnosis to death from any cause. Approval was obtained from the University of British Columbia Research Ethics Board before the study commenced.
RESULTS
This retrospective study identified 703 her2-positive patients. In 479 patients (68% of the total study population), her2 overexpression was found by ihc 3+, and therefore no fish analysis was performed. In 3 patients (0.4% of the total study population), the ihc score was deemed positive, but without quantification, and no fish analysis was performed. In the remaining patients, fish analysis was performed ( Table i) . Of the total study population, 480 (68%) received adjuvant trastuzumab, and almost all patients in that cohort received adjuvant chemotherapy. Of the patients receiving adjuvant trastuzumab, 72% received anthracycline-and taxane-based chemotherapy; 14% received anthracycline-based chemotherapy alone. The remainder received nonanthracycline-based chemotherapy or were switched from one chemotherapy regimen to another during treatment. In the cohort that did not receive trastuzumab (n = 223), only 28% received adjuvant chemotherapy. Median follow-up was 2.1 years.
Overall, patients not receiving trastuzumab had better prognostic features at baseline (Table ii) . Compared with the untreated group, patients receiving adjuvant trastuzumab were significantly younger (p < 0.001) and had larger tumours ( p < 0.001) and an increased presence of lymphovascular invasion (p = 0.004); they were also more likely to be nodepositive (p = 0.001). Site of first distant metastasis was the central nervous system (cns) for 19.5% of the entire cohort and for 37.5% of the patients treated with trastuzumab.
The 2-year rfs for patients receiving adjuvant trastuzumab was 96.1% [95% confidence interval (ci): 93.6% to 97.7%]. Kaplan-Meier curves for bccs and os were similar for the trastuzumabtreated patients, with 2-year rates of 99.5% (95% ci: 98.2% to 99.9%) and 99.3% (95% ci: 97.9% to 99.8%) respectively. Comparing the node-negative and -positive patients, both in the trastuzumab-treated group (2-year rfs: 97.8% vs. 94.8%, p = 0.09) and in the untreated cohort [2-year rfs: 90.9% vs. 77.3%, p = 0.01 (Figure 1) ], the rfs approached statistical significance or was significant. The corresponding 2-year distant rfs rates in the non-trastuzumab cohort were 94.5% and 81.0% respectively ( p = 0.01).
DISCUSSION
The results from this study demonstrate excellent outcomes for women with her2-positive breast cancer treated with adjuvant trastuzumab. Although the data are retrospective and cannot be directly compared with those from the large adjuvant clinical trials, our population had better survival outcomes. These findings may be a result of a different proportion of subjects with node-negative disease. In addition, our study included a subset of women who had completed chemotherapy up to 1 year before they started adjuvant trastuzumab and who had remained disease-free, which may have improved outcomes for that group. In the patients who did not receive trastuzumab, 28% received adjuvant chemotherapy and would have been eligible for anti-her2 treatment, thus raising the question of why this group of patients did not receive trastuzumab. Several reasons can be hypothesized, including the possibility that some patients were medically unfit to receive adjuvant trastuzumab; some patients may have decided against 1 year of systemic therapy, especially in the group that was offered retroactive trastuzumab months after chemotherapy completion; and some physicians may have been biased against offering treatment to this group of patients.
Very few women with small node-negative tumours (T1a-b N0) were enrolled in the large adjuvant trastuzumab studies, and so outcomes in those patients are of considerable interest. Retrospective studies in this population demonstrate worse outcomes for patients having small her2-positive tumours than for their counterparts having her2-negative disease, suggesting that adjuvant trastuzumab therapy may be warranted [7] [8] [9] . These studies included women who had not received anti-her2 therapy. In our study, 72 patients had her2-positive T1a-b N0 tumours; 30 received adjuvant trastuzumab, and 42 did not. A meaningful comparison of survival at this time point could not be performed, but it represents a direction for future research.
In terms of recurrent her2-positive breast cancer, cns disease is a concern. One study demonstrated that the observed increase in cns metastases as first events among patients treated with adjuvant trastuzumab could be attributed to earlier failures at other distant sites in the untreated group 10 , but a meta-analysis showed an increase in risk among treated patients in the randomized trials 11 . In our study, 19.5% of the overall population had cns recurrence as the first site of distant metastasis, but such recurrences reached 37.5% in the trastuzumab-treated group. That observation raises the question of whether adjuvant therapy with trastuzumab might alter the initial site of relapse, possibly reflecting the ability of trastuzumab to control systemic disease more effectively outside than within the cns.
The limitations of our study include a short follow-up (median of 2 years), but the 2-year point was when most of the adjuvant trastuzumab trials were first reported. Information on the decision not to use adjuvant trastuzumab in eligible patients was not captured, nor were cardiac or comorbidity statuses.
CONCLUSIONS
This population-based analysis of adjuvant trastuzumab use demonstrates excellent survival outcomes among women with her2-positive early breast cancer. That finding is especially profound in an aggressive disease that is known to have a significant relapse rate within the first few years after diagnosis. Future clinical trials studying targeted anti-her2 agents in comparison or in combination with adjuvant 
